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Since Iran is one of the seismically active regions, and many lessons are embedded in the observations of surface ruptures of Iran 
earthquakes, the use of case histories as a basis for the development of both insights and engineering judgment is considered. In this 
paper, the importance of earthquake fault rupture hazards are presented, and illustrative examples are used to demonstrate how the 
hazards associated with surface fault rupture and lessons achieved from field studies are presented for implementing effective 





In regions where soils overlie active faults, structures must be 
designed for risk of failure due to excessive permanent soil 
deformations induced by surface fault rupture, in addition to 
adequately designed against dynamic loads during a sever 
earthquake. Although our understanding of the dynamic 
response of structures are improved in current practice, 
relatively recent earthquakes such as the 1999 Chi-Chi 
earthquake in Taiwan and the 1999 Kocaeli and Duzce 
earthquake in Turkey have reminded the profession of the 
devasting effects of earthquake surface fault rupture on 
facilities and engineered structures and much more efforts 
must be devoted to improving our understanding of fault 
rupture propagation through soil and how ground movements 
associated with surface faulting affect structures. 
 
Since field case histories mostly provide the most authentic 
source of information with regard to the ways in which 
physical events occur and the use of case histories as a basis 
for the development of both insights and engineering 
judgment has long been cornerstone of geotechnical practices, 
this paper is considered the approach, however the variability 
observed in pervious field studies illustrates the complexity of 
fault rupture propagation (Bray etal. 1994, Lazarte etal.1994, 
Bray and Kelson 2006, Anastapolos ang Gazetas 2007). 
 
This paper investigates observations gleaned from recent Iran 
earthquakes that illustrate how various geologic conditions 
change the surface expression of faulting and how surface 
fault rupture interacts with structures and facilities. 
Geotechnical engineering procedures can be employed to 
evaluate the hazards associated with surface faulting. 
Although much of the works that provide insights into this 
problem has been performed by geologists attempting to 
understand the development of fault features in bedrock 
materials rather than in soil, this paper focused on faulting 
propagation and surface expressions from the geotechnical 
hazards investigation point of view for designing and 
constructing of facilities and engineering structures. Following 
a short description of the present tectonics of Iran and the 
importance of earthquake fault rupture hazards are presented, 
and then illustrative examples are used to demonstrate how the 
hazards associated with surface fault rupture. Finally lessons 
achieved from field studies are presented for implementing 
effective engineering designs. 
 
IRAN AND EARTHQUAKE SURFACE FAULT 
RUPTURES 
 
The present tectonics of Iran results from the north south 
convergence between relatively undeformed shield areas to the 
southwest (Arabia) and northeast (Eurasia). The global plate 
motion model NUVEL-1 A predicts a convergence rate of 3– 
3.5 cm/year. The deformation of Iran involves intracontinental 
shortening, except along its southeastern margin (Makran) 
where the Oman oceanic lithosphere subducts northward 
under southeast Iran (Fig. 1). Within Iran, most of the 
deformation is probably accommodated in the major belts 
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Zagros, Alborz, Kopet-Dag) and along large strike-slip faults 
which surround blocks (the Central Iranian Desert, the Lut 
block and the southern Caspian Sea) with moderate relief and 
seismicity. The precise distribution of the deformation 
between these tectonic structures is unclear (Nilforoushan et 
al. 2003). 
 
The seismically active faults in Iran consist of: (i) numerous 
relatively short reverse faults distributed through the active 
fold-thrust border zones, and (ii) long strike-slip faults and 
subordinate reverse faults confined to narrow zones within the 
Iranian Plateau (Berberian and Yeats 2001). In Iran, many 
faults are known to be active, and some cities of large 
populations are found just on thick fault traces. Although, the 
geology and palaeoseismology of active faults have not been 
studied to that degree of industrialized countries, Iran has an 
advantage of long documented historical record of 
earthquakes. These historical records may be combined with 
geological, morphological and seismological evidence to 
correlate many historical earthquakes with their source faults. 
Re-examination of case histories of surface faulting combined 
with recent events, improve our understanding of this hazard 
and provide a basis for Iran surface fault rupture hazard 
zoning map. Although avoidance is still the most 
straightforward method of surface fault rupture hazard 
mitigation and in some less populated regions limiting 
development within known and active fault zones would be 
very effective, sometimes it is more difficult to avoid surface 
fault rupture zones in addition to many mega-cities that spread 
over some known and hidden fault traces. This posses difficult 
problems to minimize the fault inflicted damage just based on 
zoning map. 
 
In this regard the authors motivated to make a database of Iran 
earthquake surface fault ruptures to investigate previous 
examples of faulting and fault related damage to develop 
efficient and reliable measures to implement effective 
engineering designs. The database is made more than 70 cases 
of earthquake surface faulting observed from 4 centuries B.C. 
up to date in Iran. This paper presented some findings of this 
database for example, One of early investigations of this 
database for zoning map showed major faulting zones are in 
the north and east of Iran, however many earthquakes 
occurred in the south (Zagros belt) not observed any fault 
ruptures. Noted by researchers it is related to salt layers in 
Zagros area. It must be noted that Walker et al. (2005) 
documented a unique example of co seismic surface rupture in 




INDICATIVE FIELD STUDIES FROM RECENT 
EARTHQUAKES IN IRAN 
 
As mentioned in previous sections, much of the work that 
provides insight into propagation of fault rupture about Iran 
earthquakes, has been performed by geologists attempting to 
understand the development of fault features in bedrock 
materials rather than in soils, in this section just summaries the 
principal observations of surface fault rupture found in related 
papers and geological reports to establish key findings in the 
following section. So for further discussion of events  
 
Fig.1. Large-scale topographic map of Iran (from 
Nilforoushan et al. 2003). Iran is located between relatively 
undeformed shield areas to the southwest (Arabia) and 
northeast (Eurasia). The major structures are the mountain 
belts (Zagros, Makran, Talesh, Alborz, Kopet-Dag) and the 
stable areas (Azerbaijan, Central Iranian Desert, Lut block, 
South Caspian Basin). Small circles represent the large cities. 
Azerb.= Azerbaijan; ABS = Apsheron–Balkhan Sill; Kh. = 
Khazar Fault; Mo. = Mosha Fault; Ta. = Tabriz fault; MRF= 
Main Recent Fault; MZRF= Main–Zagros–Reverse Fault; Mi. 
= Minab-Zendan-Palami fault system; Do. = Doru- Doruneh 
Fault; DeB. = Dashte- Bayaz Fault; Ta. = Tabas Fault; Na. = 
Nayband Fault; Z = Zahedan Fault; Ne. = Neh Fault; Ka. = 
Kahurank Fault; No. = Nosratabad Fault 
 
occurring in the following indicative field studies, the reader is 
refered to the references of events. 
 
 
The 1968 August 31 Dasht-e-Bayaz Earthquake 
 
This Mw 7.1 earthquake produced 80 Km of surface ruptures 
and caused extensive damage in the region, between 7000 and 
12000 people killed and at least 70000 made homeless.   
Maximum left lateral offsets of 4.5 m and maximum vertical 
displacements of 2.5 m were observed with average 
displacements of 2m. Ambraseys and Tchalenko (1969) 
observed that a well developed large scale en echelon pattern 
of fractures in alluvium and colluvial deposits. Large tension 
features and grabens as well as pressure ridges and mole 
tracks are observed consistent with a strong left lateral fault 
movement. Through rock, the fault break showed generally 
smaller apparent displacements – the description of the fault  
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                            * N (or S) denotes north side (or south side) downthrown. 
 
break follows in a summarized form (Tab.1) beginning at the 
extreme east of the breaks and continuing in a westerly 
direction divided into a number of sections of different lengths 
according to the local pattern of faulting. These sections are 
referred to by the names of the nearest villages. 
 
It is difficult to explain why relative displacements in bedrock 
are far smaller than in alluvium. In Ambraseys and Tchalenko 
(1969) the width of the zone of surface rupturing in Dasht-e-
Bayaz earthquake was described varying. Although a majority 
of relative fault displacement occurred within a zone, only 10 
m wide or less, significant fractures and ground movements 
(on the order of a few centimeters- sufficient to be of 
engineering interest for many projects) were observed over a 
zone 100 m wide or more,” when the numerous minor surface 
fractures are taken into account the main fault break can be 
seen to lie within an east west shear zone, one to three 
kilometers wide” 
 
In this earthquake were reported some observations of the 
interaction of structures with movements on strike slip fault 
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The 1990 June 20 Rudbar-Tarom earthquake 
 
In the western Alborz Mountains, southwest of the Caspian 
Sea, the 1990.06.20 Rudbar-Tarom earthquake of Mw 7.3 
killed approximately 40,000 people and destroyed three cities 
and 700 villages. The earthquake was accompanied by 80 km 
of left-lateral strike slip faulting along the Rudbar Fault. The 
co-seismic surface faulting was located only in a limited 
reconnaissance, and displacements on the fault were observed 
at only a few localities. The Rudbar Fault consists of some 
segments in a right-stepping en echelon pattern. Maximum 
displacements of 60 cm left-lateral and 95 cm vertical were 
observed along the southeastern and the central segments. 
Vertical displacements were consistently down to the north 
and northeast, in the opposite sense to the local topographic 
slope. The geologists involved in the post earthquake 
investigations warned that some major landslides occurred due 
to seismic fault. (IIEES report, 1991) 
 
The 1990 November 6 Furg (Hormozgan) Earthquake 
 
The Mw 6.4 1990 November 6 Furg (Hormozgan) earthquake 
was associated with 15 km of south-facing surface ruptures 
with an average vertical displacement of 1 m. Earthquakes of 
Mw 6–7 are common in the Zagros mountains of Iran. 
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However, no co-seismic surface ruptures associated with 
thrust faulting have been reported before now, also blind 
thrusting appears to be more common but this is a unique 
example of a coseismic surface rupture in the Zagros 
Mountains of SE Iran. The Furg earthquake is the only event 
known to have ruptured the Earth’s surface in the Zagros 
mountains, The Zagros mountains of southern Iran 
accommodate roughly half of the 25 mm yr−1 of north–south 
convergence between Arabia and Eurasia (e.g. Vernant et al. 
2004). Folds within the Zagros contain one of the largest 
global reserves of hydrocarbons. Seismic activity is 
widespread with many destructive earthquakes. However, co-
seismic fault slip at depth does not usually propagate to the 
Earth’s surface in the Zagros, presumably because it is 
decoupled by the numerous evaporitic deposits in the10-km-
thick Phanerozoic sedimentary section. This event provides 
motivation for effective design measures include constructing 







Fig.2: Dasht-e-Bayaz earthquake (from Ambraseys and 
Tchalenko 1969) a) A fracture displaying several decimeters 
of horizontal and vertical movement crosses a mud wall and 
passes through an adobe house in the background. The 
structures are left standing. b) Displacement of an adobe wall 
by the fault.  The wall has not collapsed even though the 
lateral movement on the fault-break is over 80 centimeters. 
(from Ambraseys and Tchalenko 1969) 
 
About the rare case of surface fault rupture in Furg 
(Hormozgan) earthquake Walker et. al (2005) noted that the 
previously unrecognized active fault is probably a reactivation 
of the early Tertiary High Zagros fault . It is likely that the 
rupture propagated to the surface because of its location at the 
edge of the High Zagros zone, where the thick sedimentary 
cover and mechanically weak evaporitic deposits of the 
Simply Folded zone are not as well developed. The 1990 Furg 
earthquake is, therefore, not typical of Zagros seismicity, but 
we do not rule out the possibility that other sections of the 
High Zagros and Main Zagros Thrust sutures may have the 
potential to rupture in earthquakes. 
 
The seismological and field observations indicated that during 
this earthquake, slip on a fault dipping 30°N reached the 
earth’s surface, however, that the dip of the fault plane 
flattened as the fault propagated toward the ground surface 
through alluvial fan deposits (Fig. 3a).At one location, 
collapse of the upthrown block, formed some fissures that 
developed above the eroded scarp (Fig. 3b) . These details of 
the ruptures at Furg are similar to those developed during the 
1980 El Asnam earthquake in Algeria, where normal faults 
and fissures were observed close to the collapsed hangingwall 
of the thrust.Co-seismic surface features such as a flattening of 
the fault-plane, collapse of the upthrown block and fissuring 























Furg (Hormozgan) earthquake.(from walker et. al. 2005). a) 
The dip of the fault plane appears to shallow as it reaches the 
surface (see inset). There is a height change in the fan surface 
of 1 to 1.5 m (shown by black arrow) across the fault scarp. b) 
Open fissures run along the top of the scarp. In the distance, 
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The 1994 Sefidabeh Earthquakes 
 
In February 1994 a sequence of four earthquakes with 
magnitudes (Ms) 5.5- 6.1 occurred in the space of a week in a 
remote area of eastern Iran. The dominant characteristic of the 
surface ruptures is bedding-plane slip, producing extensional 
features on the ridge. From the seismological and 
geomorphological evidence, it appears that these ruptures 
formed in response to the growth of an anticline above a blind 
thrust. Berberian et al. (2000) observed that the ruptures were 
all within the vertically dipping and isoclinally folded Upper 
Cretaceous Paleocene flysch and volcaniclastic rocks, and 
nearly all involved slip on bedding planes. The ruptures and sc 
arps formed three types of surface feature. 
 
1) Discontinuous mini-grabens formed by doubl scarps and up 
to 1.7m deep occurred along the Sefidabeh ridge crest, with 
slip occurring on sub vertical bedding planes mostly in flysch. 
These grabens are well developed 1.2km south of the gap in 
the ridge occupied by the old lake deposits adjacent to 
Sefidabe. Striations on the bedding planes showed subvertical 
dip slip, with no strike-slip component. The larger 
displacement was usually on the western wall of the mini-
grabens. Exposures in gullies show that the 1994 move ment 
increased previous offsets of at least 5.0 m on the same 
bedding planes, and that the saddle-like morphology of the 
ridge crest is the result of previous graben-forming                                                             
movements.        
                                                      
2) Step-like single scarps were also common on the Sefidabeh 
ridge, usually on the NE side and upthrown to the SW, again 
on subvertical bedding planes. 
 
3) Other scarps on the ridge appeared to have formed by 
settlement of soft tuff. Beds between competent limestone 
layers, perhaps in response to the collapse of underground 
channels or caverns.   
 
Berberian et al. (2000) noted that in any case, the early 
Tertiary deformation that caused tight isoclinals folding in the 
soft shale and flysch formations produced more discontinuous 
faulting within the harder limestones and tuffs, and there is no 
certainty that the vertical bedding-plane shear seen at the 
surface extends to any great depth. 
 
The1997 May 10 Qayen Earthquake 
 
This Ms 7.1 earthquake rocked the northeastern part of Iran 
damaging about 150 villages and killing 1568 people. The 
rupture zone extended110 Km, striking NNW-SSE, with a 
dominant strike slip (1-2.1 m right lateral) and a minor reverse 
slip component. Hakuno(1997) observed that surface faulting 
occurred on the existing fault on the basis of air-photo 
interpretation and field observations. Hakuno (1997) noted 
that the small amount (1-2.1 m) of slip on the long surface 
fault is not proportional to the total length of 110 Km. The 
northern most portions (30 Km of the 110 Km length) of the 
rupture zone associated with the 1997 earthquake overlaps the 
surface rupture zone caused by the 1979 earthquake. These 
two surface faulting events occurred exactly on the same trace. 
The maximum displacement of the slip (2.1 m) took place on 
the overlapping part rather than on the main segment of the 
1997 surface rupture zone. 
 
In Fig.4 shown a tree whose trunk had been pulled apart into 
two pieces by surface faulting likewise, Ulusary et al.(2001) 
noted that a poplar tree separated by the surface fault rupture 
(Fig. 5).The amount of right slip here was 1.75 m.  It seemed 
since the surface ruptures are distributed over a wide zone at 
this location, the amount of slip in total would be larger. 
 
One of the interesting features of the fault–induced crack is 
the group of oblique cracks. The ones in Fig 6 were found in a 
village. Being sometimes called Riedel lines, this type of crack 
is normal to the major principal tensile stress which was 
induced by the underlying fault movement. 
 
 
Fig.4: Qayen earthquake (from Hakuno, 1997) A stereo view 








The 1998 March 14 Fandoqa Earthquake 
 
This earthquake (Ms 6.6) was the penultimate in a series of 
five substantial earthquakes on the Gowk fault system of 
southeast Iran since 1981, all of which were associated with 
co-seismic surface raptures. 




























Fig.6. Qayen earthquake (from Hakuno, 1997) oblique cracks 
co-seismic surface ruptures 
 
The 1998 Fandoqa earthquake produced 23 km of surface 
faulting with up to 3 m right-lateral strike-slip and 1 m vertical 
offsets. 
 
SAR interferometry and seismic waveforms show that the 
main rupture plane dipped west at 50° and had a normal 
component, although the surface ruptures were more 
complicated, being downthrown to both the east and the west 
on steep faults in near surface sediments. In addition, SAR 
interferometry shows that a nearby thrust with a similar strike 
but dipping at 6°W moved about 8 cm in a time interval and in 
a position that makes it likely that its slip was triggered by the 
Fandoqa earthquake.  
 
The section of the Gowk fault system that moved in 1998, 
centred on Fandoqa, also produced coseismic surface ruptures 
during a larger (Mw 7.1) earthquake in 1981; however, 
whereas the smaller (Mw 6.6) 1998 earthquake produced 
horizontal offsets of up to 3 m, the larger (Mw 7.1) 1981 event 
produced much smaller surface offsets reaching only 0.4 m. 
 
The 1998 surface ruptures were predominantly right-lateral 
strike-slip in character, often accompanied by a vertical slip 
component. The ruptures extended for a total length of 23.5 
km along the eastern side of the Gowk valley with an overall 
strike of 156°. Of the 1998 ruptures about 14.25 km were east-
facing and 9.25 km were west-facing. 
 
 
Berberian et al.(2001) noted that The surface ruptures were 
expressed as either: 
 (a) zones up to 300–400 m wide containing distributed 
tension cracks, mole tracks and short (<100 m) anastomosing 
faults, often displaying strike-slip motion and sometimes 
arranged in en echelon patterns (e.g. Fig.7.a,d).These shear 
features were all developed in soft, unconsolidated alluvial 
deposits of presumed Holocene age in the wide open flat 
playas with only rare evidence of pre-existing escarpments 
from earlier earthquakes. 
 
 (b) Well-defined linear scarps (e.g. Fig.7. b,c). The ruptures 
formed continuous, linear and narrow shear zones (usually less 
than 10 m wide) with a constant trend of 156°. Tension cracks 
within these zones were much shorter and more closely spaced 
than those observed in the playas.the well-defined linear trace 
of the surface ruptures was developed at the foot of east-facing 
escarpments in dissected late Neogene conglomerates and 
sandstones or late Pleistocene alluvial fans. 
 
 (c) Small fractures. The sense of vertical movement along the 
ruptures changed from east- to west-facing. Along this section 
the ruptures were discontinuous and distributed fractures with 
typically only a few centimeters offset. The maximum 
horizontal and vertical displacement are recorded on any one 
fracture in this region was 13 cm. 
 
 
The 2002 June 22 Changureh (Avaj) Earthquake 
 
The Mw 6.4 Changureh (or Avaj) earthquake occurred in a 
sparsely populated region of Qazvin province in northwest 
Iran. Despite the low population density, the earthquake 
caused widespread destruction, killing 261 people and injuring 
a further 1300 people. 
 
In this barren area, its surface geology is easily observed. Hills 
are mainly composed of Miocene siltstones with their southern 
area covered with Quaternary fan deposits. Two deformation 
lines are recognized in the valley. The northern deformation 
line is near the main stream of the valley. Bedding of Miocene 
siltstone dips north, while on the southern deformation line 
near Abdarreh, siltstone layers dip south. The 1:200,000 scale 
tectonic map of this area shows these deformation lines as 
thrusts. The topographic feature is consistent with its geologic 
structure. The Quaternary terraces are deformed along the 
northern line, and a low land extends behind the hill near the 
south line. 
 
A trench was excavated at a narrow valley approximately 500 
m east of Abdareh. The site was chosen in expectation of 
finding charcoals that would allow dating possible previous 
events. Since the location was inaccessible by any machines, 
the trench was dug by hand, and was 3 m wide, 5 m long and 
about 1.2 m deep with east and west side walls cutting straight 
in the middle of the valley and along the mountainside (Fig.8). 
Fig.8 shows a sketch of the east and west walls of the trench. 
Layer A is the weathered soil covering thin both the 
mountainside and the valley. Layer B is composed of granule 
 
 








































Fig.7. Fandoqa earthquake (from Berberian et al. 2001). a) left-stepping en echelon scarps. b) View west of the east- facing scarp. c) 
View south of the east-facing scarp in the same region as b. a 2 m right-lateral offset in a field boundary (between the two people) in 
the northern part of the Fandoqa depression. d) A shattered zone of en echelon cracks and fissures in the Fandoqa playa
b d
 
and less matrix. Layer C contains semi-angular pebbles. Layer 
D is a matrix rich bed. Maximum grain size of 2 cm is reached 
in this layer. Layer E is a clearly imbricated gravel bed. The 
average and maximum gravel sizes are about 1 cm and 5 cm, 
respectively. Layer F is a paleo-soil covering a gravel bed of 
layer G. Layer H is also a paleo-soil bed, but is overlain by 
gravels of layer G. Layer I is a gravel bed covered by layer H. 
Maximum gravel size of layer I is about 5 cm. Layer F, G, H 
are overlain by layer E with unconformity. The fault found 
clearly from surface to layer E. It is recognized as open 
rupture and there is no displacement along the fault. In the 
layers below layer F, the fault is hardly recognized. On the 
west-side wall, layer H and I are considered to be extensions 
of those on the east wall. The uppermost bed of the valley 
sediment, layer J, is a sandy soil with much matrix. Layer K is 
a thin bed of silt or very fine sand. Layers L and M are sand 
and gravel beds. The matrix is rather rich in layer L than layer 
M. Layers N and O are paleo-soil and gravel beds overlain by 
layer I. Though the surface fissures lined up across the valley 
have clearly proven the presence of the fault at the slope foot, 
no clear fault dislocation was observed on the west-side wall  
probably because the strain caused by the faulting has spread 
over the uncemented soil. Nothing indicating previous fault 
dislocations was found in the trench. 
 
Walker et al. (2005) noted that thrust faults that are not 
expressed asdiscrete scarps at the surface (known as ‘blind’  
 
faults are a problem encounterd in many seismically active 
regions, and blind faults have been responsible for many 
destructive earthquakes in Iran and elsewhere. Although the 
surface deformation created by blind thrust earthquakes is in 
in the form of anticlinal folding, the surface expression of long 
term folding from many repeated earthquakes is not always 
easy to see in the landscape, as the relatively small amounts of 
uplift involved in anticlinial folding are easily masked by pre 
existing topography and geology. So suggested that much of 
the slip failed to reach the surface and was accommodated as 
folding at surface instead. 
 
Abdarreh was one of the hardest hit villages by this 
earthquake ( Fig.9).Distribution of cracked utility poles is 
considered to be a good index for estimating possible spatial 
distribution of intense ground motions. Observed crack 
intensities on total 28 utility poles were roughly classified into 









































Fig.8.Changureh (or Avaj) earthquake (from jsge report). a) 
Surface fault trace and location of trench b) Illustration of 
trench. 
 
Group 1: no visible crack. (White) 
Group 2: with hair cracks (>0.1 mm, Light yellow) 
Group 3: with cracks (0.1-0.2 mm, Yellow) 
Group 4: with cracks (0.2-0.3 mm, Dark yellow) 
Group 5: with cracks (<0.3 mm, Brown) that can be seen at a 
distance of about 2m 
 
Figure 12 shows the observed distribution of crack intensities. 
In this figure, the route taken for the inspection is lined up 
with the utility poles (colored circles). The route goes straight 
from right to left along a valley, and turns sharply up towards 
the ridge when it reaches the southern edge of the village. 
Then it comes slightly back along the ridge. Several arrows 
near the bend of the route indicate the inferred directions of 
strong ground motions. The other line of dark sphere marks is 
the fault trace. It goes across another mountain ridge that rises 
east of the village, and meets the route. It is noted that the fault 
trace seemingly divides the utility poles into two groups; 
cracked poles on the hanging wall side and less damaged on 
the foot wall side. This clear contrast suggests that the shake 
on the hanging wall side must have been more intense than 
that on the foot wall, and thus must have been responsible for 






































Fig.9. Changureh (or Avaj) earthquake (from jsge report). a) 




The 2003 December 26 Bam Earthquake 
 
On 26 December 2003, a moderately large earthquake (Mw = 
6.6) struck the small city of Bam in the Kerman province of 
southeast Iran. The intense shaking in the city caused the 
complete collapse of nearly every building in the central parts 
of the city including many of the newer buildings, killing at 
least 25,000 people officially (with early estimates as high as 
40,000) out of a population of about 100,000–140,000. 
 
The city of Bam has not been affected by an earthquake for at 
least several hundred years. The World Heritage Site citadel, 
Arg-e-Bam, was constructed largely in the 1700s out of mud 
bricks and was destroyed by this earthquake. The city of Bam 
was a major stop on the Silk Road at least as far back as the 
fourth century A.D., and there are no historical reports of 
major earthquake damage in Bam. 
 
As described by Talebian et al. [2004], before the Envisat 
interferometric SAR (InSAR) was available, it was assumed 
that the previously mapped Bam Fault (a blind reverse fault, 
expressed as an asymmetric anticline at the surface) between 
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the 26 December 2003 earthquake. After we made the 
coseismic interferogram, we realized that the main surface 
rupture south of the city of Bam was about 4 km to the west of 
the Bam Fault because there was a line of strongly decreased 
correlation at that location and a high gradient in the 
interferogram phase [Talebian et al., 2004]. The surface 
ruptures south of Bam were confirmedin the field on 31 
January and 1 February 2004 [Talebian et al., 2004], and 
further mapped on 29 March 2004 at the location of the low-
correlation signatures. These ruptures cut across an alluvial 
surface with cemented gravel layer (approximately 5 cm thick) 





































Fig.10. Bam Earthquake (from fielding et al. 2005). a) 
Synthetic aperture radar (SAR) interferometry b) Rupture in 
surface south of Bam at middle of segment C in a. Right-
lateral strike-slip offset of about 15 cm. View to south. 
 
Fielding et al. (2005) noted that The major fault slip that 
caused the 2003 earthquake occurred at depths below 1–2 km, 
beneath the surface ruptures south of Bam and extending 
northward beneath the center of the city .The surface ruptures 
south of Bam stopped north of segment A in Figure 13, where 
the interferogram phase shows that the surface strain is 
distributed over a distance of about 500 m. 
This change in the mechanical behavior of the near-surface 
material may indicate that there is a thicker layer of 
unconsolidated or poorly consolidated sediments north of that 
point. Since there is a large river passing through the north 
side of the city of Bam, a thicker valley fill of river deposits 
extending beneath Bam and some distance to the south would 
not be surprising. The growing anticlinal structure east of Bam 
may have dammed the main river some time ago and caused 
thick deposits beneath the city that are now above the level of 
the river, in a way similar to the Sefidabeh structure some 100 
km east of Bam.  The change in the near surface materials is 
important for seismic risk evaluations because the presence of 
the active fault beneath the city would be difficult to detect 
beneath the thicker layer of softer material. 
a  
 
The 2005 February 22 Dahuiyeh(Zarand) Earthquake 
 
On 2005 February 22 an earthquake of Mw 6.4 struck a region 
of south–central Iran near Zarand. The earthquake casualties 
were high in the villages affected, with approximately 500 
killed in Dahuiyeh and Hotkan. The earthquake ruptured an 
intramountain reverse fault, striking E–W and dipping north at 
60° to a depth of about 10 km. It produced a series of 
coseismic scarps with up to1m vertical displacement over a 
total distance of 13 km, continuous for 7 km. The line of the 
coseismic ruptures followed a known geological fault of 
unknown, but probably pre-Late Cenozoic, age and involved 
bedding-plane slip where the scarps were continuous at the 
surface. Talebian et al.(2006) noticed that the part of ruptures 
that crossed the road between darbidkun and hotkan(Fig.11). 
In this locality the scarp that formed was about 105 cm high, 
upthrown to the north (Fig. 11a). In general, it was associated 
with a series of parallel open fissures on the upthrown side 
(Fig. 11b), representing the collapse of the hanging wall. The 
scarp formed in well-bedded Triassic–Jurassic shales and 
sandstones, with a uniform orientation of strike 280 and dip 
70.N; essentially parallel to the orientation of the fault plane 
determined from the teleseismic waveform modeling. 
b 
 
In this place, it was clear that the fault surface was parallel to 
the bedding, at least close to the surface. The surface rupture 
was followed in the field, and it became clear that the scarp at 
the road was part of a continuous E–W rupture that could be 
traced for 7 km westward from its eastern termination. 
Throughout this section, the fault was parallel to the bedding 
in the Triassic-Jurassic sediments, which varied very little, 
typically with a dip of 60-70.N. The scarp itself approximately 



















































































Fig.11. Dahuiyeh(Zarand) Earthquake (from Talebian et al.2006), a) View north of the coseismic rupture cutting the Darbidkhun-
Hotkan road. This picture was taken 1day after the earthquake, by which time the scarp had been smoothed by bulldozer. The vertical 
offset is 105 cm. b) View S from the air of the same localityas (a) on the eastern side of the road, showing a series of parallel open 
fissures caused by the collapse of the overhanging hanging wall. c) View north of the scarp where it crosses a minor stream. The 
overhanging hanging wall has collapsed to form a vertical open fissure. The vertical offset (white arrow) is 100 cm. d) View east 
where the scarp runs behind an abandoned village, with vertical offset 50 cm. Again, the hanging wall has collapsed to leave a 
vertical fissure. The fault continues east to through the saddle in the skyline. 
 
Occasionally it crossed the north-facing slope of a side gully, 
reversing the local slope, and in several places it crossed 
incised streams, in which the northward dip of the fault was 
clearly visible. The general morphology of the scarp revealed 
that the overhanging hanging wall had collapsed to leave an 
open fissure (Fig. 11c); sometimes several meters behind 
where the reverse fault itself reached the surface (Fig. 11d). 
 
 
LESSONS TO BE LEARNED FROM FIELD STUDIES 
 
Although the variability observed in field studies illustrates 
the complexity of fault rupture propagation, some key findings  
of surface fault rupture and its effects on structures are 
particularly insightful which are concluded in the following. 
 
1) Complexity of the phenomenon of fault rupture is due to a 
number of variables such as: the type of fault movement 
(reverse, normal, and strike slip), surface geological condition  
 
(soil deposit), and existing planes of weakness near surface, 
earthquake shaking. These are shown clear in the presented 
indicative field studies. 
 
2) Based on the mentioned variables affected the surface 
expression of faulting; some typical patterns in current 
practice that are consistent as follow: 
- Reverse faults tend to gradually decrease in 
dip near the ground surface(as observed in 
Furg earthquake) 
- Strike slip faults tend to follow the almost 
vertical orientation of the underlying 
bedrock fault, although the rupture zone 
may spread or flower near the ground 
surface(as observed in Dasht-e-Bayaz 
earthquake) 
- Less differential movement in soils rather 
than in rock(as observed in Bam earthquake) 
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However some different observations have been considered as 
follow: 
- In Dasht-e-Bayaz earthquake, relative 
displacements in bedrock were far smaller 
than in alluvium. 
- In Fandoqa earthquake and Qayen 
earthquake, differences between the scale of 
the fault rupture were observed with the 
results of relations suggested by Wells and 
Coppersmith(1994), about the depending on 
the magnitude of the earthquake and 
maximum displacements and fault rupture 
length. 
-  
3) Although a majority of the differential movement across a 
fault zone is localized in limited area, and since the surface 
ground movement on the order of a few centimeters are 
important to many engineering projects, secondary fractures 
(such as: down warping of the up thrown block as it is forced 
over the downthrown block during reverse faulting typically 
produces significant secondary deformations as observe in 
Sefidabeh earthquake and Furg earthquake) and nearby faults 
may be triggered by related earthquake fault (as observed in 
Fandoqa earthquake). 
 
4) From point of view of evaluating the potential of ground 
movement at a project site, any source such as faults some 
distance away from the main trace or existing plane of 
weakness (for example bedding planes) as observed in 
Dahuiyeh(Zarand) earthquake or ruptures that may instead be 
surficial structures related to co seismic folding (as observed 
in Changureh(Avaj) earthquake) might be suspected. 
 
5) A seismic fault can cause landslides when it hits a 
weathered slope. Evan if a soil mass on a slope slips a little; it 
will certainly increase soil deformation and may cause serious 
destruction of structures (as observed in Rudbar-Tarom 
earthquake). 
 
6)  The shake on the hanging wall side must have been more 
intense than that on the footwall. This is not supported the 
theory as mentioned in the conventional attenuation 
relationship that peak ground acceleration reaches the 
maximum values at closest distance from the fault ( as 
observed in Changureh(Avaj) earthquake). 
 
7) Observing the fault rupture through mud walls and an 
adobe house with several decimeters of horizontal and vertical 
movements left with the standing structures in Dasht-e-Bayaz 
earthquake and a tree whose trunk had been pulled apart into 
two pieces by surface faulting in Qayen earthquake provide an 
idea for effective design measures to isolate structures from 
the underlying ground movement. 
 
8) Observing co seismic fault slip at depth because of salt 
layer does not usually propagate to the earth surface in the 
Zagros belt provides a motivation for effective design 
measures to mitigate surface fault rupture hazard include 
constructing special geotechnical fills to partially absorb 




The use of case histories as a basis for the development of 
both insights and engineering judgment has long been 
cornerstone of geotechnical practices; this paper is considered 
the approach and investigates observations gleaned from 
recent Iran earthquakes that illustrate how various geologic 
conditions change the surface expression of faulting and how 
surface fault rupture interacts with structures and facilities. 
Some key findings of surface fault rupture and its effects on 
structures are concluded in this paper and shown some typical 
patterns in current practice are consistent with indicative case 
histories of Iran earthquakes and some different observations 
have been considered. It is shown the complexity of fault 
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